Polysaccharides obtained from plant have been investigated for the development of edible/biodegradable non petrochemical-based packaging materials.
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N-(3-dimethylaminopropyl-N-ethylcarbodiimide hydrochloride (EDC) and
N-hydroxysuccinimide (NHS). The modified hyaluronan this film is made materials water insoluble with mechanical and viscoelastic properties of revealed the high dependency of elasticity changes depending on the gel processing method [26] .
Water insoluble films based on palmitoyl esters of hyaluronan were prepared with properties in accordance with the polymer degree substitution and molecular weight and being non-cytotoxic [27] .
New Film Forming Polysaccharides
The Alyssum homolocarpum seeds gum film (AHSG) present the followship , Tg of 63.86˚C and Tm of 100.92˚C [28] .
Flammulina velutipes gum, FVG, was prepared as edible films. FVG film had the optimal mechanical property and good barrier property to water (37.92 ± 2.00 g mm/m2h kPa) and oxygen (37.92 ± 2.01 meq/kg) [29] .
Novel edible film based on chia mucilage with addition of glycerol. When glycerol concentration increased, water vapor permeability (WVP), elongation at break (EB), and water solubility of Chia mucilage films increased while their tensile strength (TS), and Young's modulus decreased significantly, exhibited excellent absorption of ultraviolet light, and good thermal stability [30] .
Camelina gum (CG) film were evaluated, with 4% nanoclay, tensile strength of film increased from 43.2 MPa to 54.6 MPa without change elongation property, obstruct the diffusion of water, thereby decreasing the water vapor permeability, and ultraviolet light transmittance decreased by 40% with 10% nanoclay [31] .
Hsian-tsao gum (HG) and casein (CAS) films were prepared, and the results
showed that the addition of HG gave the CAS film better mechanical properties and moisture resistance, with stronger barrier properties against light and higher antioxidant activities that pure CAS film [32] .
Dracocephalum moldavica seed mucilage (DMSM) as a novel film-forming material with addition of glycerol (10% -40%, w/w), presenting to measure that concentration increased, the films' water vapour permeability, elongation at break (%EB), water solubility, and moisture content significantly increased and on the contrary tensile strength, surface hydrophobicity, melting point, and glass transition point (T g ) decreased significantly [33] .
Basil seed gum (BSG) as a new film-forming material under the influence of addition of glycerol (GLY) as plasticizer. Edible films based on BSG and three different concentrations of GLY (25%, 35%, and 50% w/w BSG) were developed.
The addition of glycerol increased water vapor permeability and solubility of the film, with increased the extensibility, but decreased tensile strength. The BSG had a good potential to be used in producing edible films for various food applications [34] .
Soluble soybean polysaccharide (SSPS) nanocomposite incorporating ZnO nanoparticles. The nanocomposites were presented the antibacterial and anti-mold activities, indicated that incorporating of nanoparticles affect the tensile strength and elongation at break significantly [35] .
Mucilage extracted from Opuntia ficus-indica cladodes (Cactaceae) was used for prepared films with different plasticizers as glycerol, sorbitol, PEG 200 and PEG 400. The significant effect of polyol type plasticizers on the different properties of mucilage edible films was related to their structural features that promote different interactions with mucilage polysaccharides [36] .
Branched dextrans with high molar masses and controlled architecture were synthesized using a dextransucrase and branching sucrases, present glass transition between 40.5˚C and 63.2˚C for water content varying from 12.2% to 14.1%, with a storage modulus which varies from 2 to 4 GPa [37] .
Edible film from Balangu seed mucilage (BSM) and glycerol has superior mechanical and barrier characteristics with a potential candidate for packaging that aim at an extended shelf-life [38] .
Fenugreek seed gum (FSG)/clay nanocomposite films were prepared with nanoclays at different amounts by solution casting method. FSG based nanocomposite films exhibited strong antimicrobial properties, where mechanical properties of nanoclay incorporation up to 5% provided higher tensile strength and elongation at break values significantly decrease [39] .
Films from xylan-based hemicelluloses (XGP), were made from beech wood xylan (WPG) was firstly modified with p-dioxanone through ring-opening graft polymerization and then reinforced by poly(vinyl alcohol) (PVA) to get xylan-graft-poly(p-dioxanone)/PVA (XGP/PVA) ternary composite films. From differential scanning calorimetry (DSC) data, the miscibility between XGP and PVA led to increase in the glass transition temperature (Tg) and the crystallinity, with thermogravimetric analysis (TGA) curves indicated that the addition of PVA improved the thermal stability of XGP, tensile testing showed a dramatic increase in the elongation at break of films with the development of weight percent gain (WPG) of XGP [40] .
The synthesis of citric acid crosslinked carboxymethyl tamarind gum (CMTG) hydrogels films were conducted, this has a swelling decreased with increase in curing temperature and time, with non-Fickian release mechanism suggesting controlled release of drug [41] .
Cashew gum (CG), an exudate polysaccharide from Anacardium occidentale trees, was carboxymethylated (CGCm) and oxydized (CGO) and films were produced through layer-by-layer (LbL) assembly with chitosan via electrostatic interactions or Schiff bases covalent bonds [42] .
Arabinoxylans (AX) from wheat bran in order to further investigate the impact of their composition and structure on several physic-chemical properties used for food packaging films. When arabinose content decreased, the films were more crystalline and the beta transitions decreased as well as the water uptake at M. Zanon, M. Masuelli high relative humidity [43] .
Beech wood xylan (BX) was carboxymethylated (CMX) and hydroxypropylated (HPX) with addition of glycerol were achieved aimed to produce bio-based films. These membranes have tensile strength, Young's modulus and water vapour permeability high and the elongation at break lower than those of the corresponding HPX films; with oxygen barrier property was exceptionably good for a CMX film plasticized with 25% of glycerol and high oxygen permeability values were obtained for HPX films [44] .
FucoPol membranes were prepared by incorporation of a SiO 2 network homogeneously dispersed by using a sol-gel method with GPTMS as a crosslinker silica precursor and crosslinked with CaCl 2 for reinforcement of mechanical properties and improvement of their permeation performance. They membranes presented a dense and homogeneous structure, resistant to deformation, with a T g of 43˚C and a thermal decomposition between 240˚C -251˚C [45] .
Pumpkins and Similar Polysaccharides Film Forming
Pectin from melon [46] , watermelon [47] [48] [49] possessing great capacity to form gels and emulsions, therefore, can also form films for food and pharmaceutical applications.
It should be noted that both polysaccharides extracted from melon and watermelon, although they are similar to the Cucurbit family, but they present particular characteristics. Below we will describe works of the Cucurbit family, regarding studies in the production of films for different applications.
Although there are many works on polysaccharides obtained from pumpkins (cucurbit genus) [ Pumpkin oil cake (PuOC) addition to gelatin in attempt to form biodegradable composite films, achieving properties like tensile strength (TS) had the film made of gelatin/PuOC 60/40%, with glycerol, compared to pure gelatin film.
Elongation to break (EB) increased with increase of PuOC % in films, and when 0.15 and 0.2 g glycerol g −1 protein were used, was two to three times higher than EB of 100% gelatin film. Swelling properties, as well as solubility, color and antioxidant activity showed that film, with similar or improved properties could be produced, when PuOC was added to gelatin [81] .
Pumpkin oil cake (PuOC) can form biodegradable films, and properties were:
film with tensile strength of 68.08 MPa and elongation to break of 36.62% was produced when pH was 12 and heating T 90˚C [82] .
PuOC protein isolate (PuOC PI) in preparation of biodegradable films at different pH values (2 -12) and plasticizer content (0.3 -0.6 g glycerol/g PuOC PI)
were produced with 0.4 and 0.5 g glycerol/g. The amount of added glycerol significantly affected tensile strength, elongation at break and solubility of the films.
Gas permeability of films with 0.4 g glycerol/g PuOC PI showed that these films represent an excellent barrier for O 2 , N 2 , CO 2 and air. These films have improved elongation at break and gas permeability characteristics compared to PuOC biodegradable films, thus they could be used as gas barrier stretch coating [83] .
Guar-xanthan and pumpkin oil cake (PuOC) can improve the flexibility of polysaccharides films with addition of plasticizer could modify the flexibility of biopolymers. The results showed that guar-xanthan improves and the mechanical properties of PuOC films, but only if the film-forming solution is homogenized with ultra turrax [84] . The influence of glycerol and guar-xanthan in different concentrations on bi-layer film based on pumpkin oil cake (PuOC) and corn zein, and to find optimal concentrations of these additives which result in film with optimal mechanical and barrier characteristic concentrations of glycerol (30%, 40%, and 50%) as plasticizer and guar-xanthan (0.1%, 0.3%, and 0.5%)
as a stabilizer were added in PuOC layer, with corn zein film. Films showed poor barrier for water vapour, typical for biopolymer-based films, very good barrier to O 2 , transmission rate of CO 2 increased [85] .
Hypothesis and Objectives
Biopolymers present remarkable characteristics that distinguish them from any other class of compounds and that make them ideal for diverse applications. Its fibrillar nature and its large size result, in short, features that extend at the macroscopic level [86] .
Some of these properties are present in polysaccharides, such as the large size of the macromolecules, their size distribution, their architecture, the specific nature of their chemical groups, the arrangement of these groups in the chains and the state of aggregation of the molecules [87] .
For this reason, it is important to carry out a series of tests that allow knowing their structure and behavior against external factors, to determine their properties and possible applications [87] . The tests carried out can be divided into two groups: 1) Structural analysis: characterize the internal structure of the material through techniques such as dynamic light scattering, density, viscometry and rheometry [88] . 2) Tests or functional analysis: they address the knowledge of the behavior of the material against agents such as water, gases, the application of a force, etc.
Then, the techniques and materials used in each of them are detailed. In the first place, tests performed with alcayota gum solutions as dynamic light scattering, density, viscometry and rheological characteristics analysis were described in a previous paper [88] . The objective of this work is to produce films from alcayota gum, they were hydrolyzed and modified with glutaraldehyde with the purpose of making them insoluble to water. These films were characterized structurally and functionally in order to elucidate their possible applications.
Experimental
Film Preparation
Alcayota fruits (Cucurbita ficifolia) of between 3 -4 kg of initial weight were used. The fruit was separated into three parts: husk, pulp, fiber and seeds. The pulp was dried and later ground to obtain the flour from which different determinations will be made.
The grinding time was 10 minutes to 300 rpm in Rolco mill, obtaining particles between 1 and 12 μm in diameter. From here on, it will be called Alc to the flour obtained from the grinding of the dried pulp. Aqueous dispersions were prepared at 3% to 6% of alcayota meal (Alc). The solutions were stirred magnetically for two hours maintaining a temperature of 65˚C. Agitation and temperature favor the solid-liquid extraction process of the soluble components of the flour. After two hours of agitation, the heating is removed and the stirring continues until the temperature drops to 40˚C. 
Film Preparation and Crosslinking
Once the dispersion of the previous stage was obtained, it was placed in a smooth mold of 13 cm in diameter and it was placed in an oven at a temperature of 50˚C for 24 hours. Slow evaporation of the solvent is preferable in order to obtain a dense, pore-free membrane, glycerol is normally added as plasticizer [93] . They were then demolded and placed between two glass plates for 48 hours to avoid deformation of the surface of the membranes. In this last period the solvent is finished evaporating. The films obtained were named AlcOH.
Crosslinking is the process by which dense membranes insoluble in water are obtained, more resistant and less biodegradable. As a result of the crosslinking of the biopolymer, the density of the bonds between the chains increases. In addition, the polymer networks developed by the crosslinking can stop or decrease the migration of contaminants from one side of the film to the other. The increase in the amount of bonds, produces the reduction of the permeability of gases and water vapor and provides greater stability of the membrane at low pH values.
Glutaraldehyde, are frequently used to crosslink polysaccharides. The molecule has an aldehyde group at each end and a flexible hydrocarbon chain. The molecules are small enough to penetrate tissues and films [94] . Glutaraldehyde is one of the most effective crosslinking agents. The reaction occurs between the carbonyl groups of the crosslinking agent and the hydroxyl groups of the polysaccharide chains [95] [96].
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The crosslinking technique used was chemical crosslinking. The crosslinking solution was prepared in the following manner: 100 ml of acetone acidified with 1 ml of concentrated HCl was added in a vessel and then 5% glutaraldehyde was added. Several membranes were immersed in the solution and kept in shaker (Rolco, Argentina) for 24 hours. The same procedure was performed on other membranes to obtain films with 2, 12 and 24 hours of crosslinking.
Once the selected crosslinking time had been completed, a wash with an ethanol-water solution in a 1:1 ratio was carried out, leaving the membranes submerged in this mixture for 4 hours in shaker to eliminate the reagents. Once this period had elapsed, they were removed from the mixture and brought to an oven at 60˚C to eliminate the remains of solvents. The films obtained were named, according to the crosslinking time they had, AlcOH-Glu2, AlcOH-Glu12 and AlcOH-Glu24.
Film Characterization
FTIR
FTIR spectra were determined using an FTIR Varian 640 Spectrometer using ATR mode. The samples were dried at 60˚C for 48 h before performing the measurement. The obtained spectrum had a resolution of 4 cm −1 and consisted of approximately 3500 points with an integration times of 60 s (1 s per scan). Spectra were scanned between 4000 and 500 cm −1 at ambient temperature. The number of scans for each sample was 64.
SEM Images and EDAX Analysis
Morphology of films was observed using a scanning electron microscope (SEM) LEO 1450VP, and energy dispersion X-ray analysis was carried out using an EDS Genesis 2000 (EDAX). For the SEM morphological surface analysis, samples were prepared by immersion in liquid nitrogen and afterward coated with gold. They were observed under high vacuum and EDAX spectrums were obtained applying an acceleration voltage of 120 kV.
X-Ray Diffraction
X-ray diffractions (XRD) studies were carried out using an equipment Rigaku model D-Max III C, lamp of Cu K and filter of Nickel. The 2θ operational range was from 0˚ to 30˚. The d-spacing was determined by Bragg's equation.
where d is the average intercatenary distance, n is the integer determined, λ is the wavelength of the X-ray (nm), and θ is the Bragg's angle.
Thermal Analysis
Thermogravimetric analysis (TGA) was performed to estimate the thermal stability of the alcayota gum films. TGA measurements were recorded on TG 2950
analyzers (TA Instruments, Inc., New Castle, USA), respectively. 
Solubility Tests
The study of the solubility of biopolymers in different solvents is important when specifying their resistance to certain environments due to their use in the manufacture of containers, storage containers, etc. The low solubility of the biopolymers used for packaging is one of the most important requirements in food and pharmaceutical applications [97] . Samples of equal size were cut from the films AlcOH-Glu12 and AlcOH-Glu24. In distilled water, distilled water was placed, one sample was immersed per glass and its behavior was observed under various conditions: cold (20˚C), hot (70˚C), static conditions (without agitation) and under dynamic conditions (with agitation).
The Edding ® brand 710-711 solvent was written with ink on the samples that were immersed in water to observe the resistance of the same about the written film.
The conditions of high temperature and agitation were achieved using Velp magnetic stirrers with temperature control. The samples were kept submerged for at least 2 hours in each experience. A similar test was carried out, using 10% HCl 0.1 M and 10% NaOH 0.1 M solutions at room temperature by two hours.
Contact Angle
The contact angle is a function of the surface tension of the liquid and the surface free energy of the substrate. It can be evaluated by a drop of a pure liquid placed on a solid. The angle formed between the solid/liquid interface and the liquid/vapor interface, whose vertex is where the three interfaces meet, constitutes the contact angle.
The Young equation shown below (Equation (2)) describes the interactions between the adhesion and cohesion forces and from this equation the surface energy per unit area can be determined.
where θ is the contact angle, γ sv is the surface tension of the solid/vapor interphase, γ sl is the surface tension of the solid/liquid interface and γ lv is the surface tension of the liquid/vapor interface. Process: The films were placed on a smooth surface and 0.1 ml of distilled water was deposited on them. The height (h) of the drops with a Vernier caliber was measured at times: 0, 15 minutes, 30 minutes and 60 minutes. The same procedure was performed with solvent ink.
where h 1 is drop height and h 0 is surface height (cm).
When the liquid wets and spreads on the surface of the membrane, the contact angle is between 0˚ and 90˚ and the appropriate ratio is:
When the liquid does not wet, the contact angle is greater than 90˚ and the relationship is:
where B = ρg/2γ; being g, the acceleration of gravity (980 cm/s 2 ), ρ, density and γ, the interfacial tension. Table 1 summarizes these properties for distilled water and solvent ink.
Water Sorption
The water sorption measures measure the degree of swelling of the membrane when in direct contact with water. From these measurements you have an idea of the mechanical stability of the materials.
The importance of these measures lies in the need to know the behavior of the material in case it is used as a package, comes in occasional contact with water or is used to package wet or watery foods. It is also important to evaluate the behavior of the polymer against water as this is the agent present at the time of biodegradation of the material [98] .
Two techniques were used to measure the degree of swelling of the membranes: Swelling Index and Water Absorption, better known by their English names, Swelling Index and Water Up take, respectively.
Swelling Index uses the measurement of the weight of the samples submerged in a bath of distilled water. For its part, Water Up take (WU) uses the measure of the thickness and the characteristic length of the samples. As time progresses, the degree of swelling increases, which is reflected in the increase in thickness, length and weight until equilibrium is reached. By increasing the hydrophobicity of the film, the time necessary to reach equilibrium is less. Generally, the same samples are used to perform these two tests simultaneously. 
S i (%) versus time was plotted.
With the data of Water Up take, parameters analogous to Si are calculated:
The subscripts "diam" and "es" are referred to diameter and thickness, respectively.
Barrier Properties
In contrast to glass or metal as packaging materials, containers made of plastic are permeable, in different degrees, to small molecules such as gases, water vapor, organic vapors and other low molecular weight molecules such as flavors,
aromas and additives present in food. As a consequence of the barrier properties of the materials, the permeability of these varies in a wide range.
The permeation of a gas through the polymer is described by a diffusion model, using the Henry and Fick Laws to obtain the expression representing the permeation rate taking into account the area and thickness of the film.
The mechanism can be described for a homogeneous polymer film of thickness l, permeant pressure p (with p 1 > p 2 ) and c as permeant concentrations through the film (with c 1 > c 2 ).
( )
where T is the transmission speed (ng/m 2 s); Q, the permeating mass (ng); λ, the thickness of the film (m); A, the area of the cell (m 2 ); t, the measurement time (s) and ΔP, the pure water vapor pressure, in the case of calculating water vapor permeability (4238.605 Pa), or high pressure in the case of calculating gas permeation.
Water vapor permeability: The ASTM E96 standard defines the water vapor permeability as the rate of water vapor transmission through a unit area of a flat material and per unit thickness induced by a unitary vapor pressure difference between the two surfaces of the material under study, under certain temperature and humidity conditions [99] .
Experiences of water vapor permeation were performed inside an automatic model 514 humidity and temperature controller that consists of a humidity sensor and a temperature sensor with their corresponding control units. The humidity and temperature sensors are included inside a hermetically closed chamber.
The humidity sensor provides an immediate response, in a range of relative humidity from 0 to 100%. Accuracy in the measurement is ±2% when the relative humidity goes from 0 to 90% and ±3% above 90% at 20˚C. The temperature sensor provides an immediate response in the range of 0 to 40˚C, with an accuracy of ±2˚C. The humidity control unit monitors the humidity values inside the chamber by activating or deactivating a humidifier in order to maintain the relative humidity inside the chamber at the desired values. In the same way, the temperature controller operates by turning a light bulb on or off to keep the temperature at the desired values.
For the experience, glass cells with a perforated lid were used, in which the sample is placed. A precision Radwag (Poland) analytical balance was also used ±0.1 mg.
Process: 16 g of silica gel (0% relative humidity) were weighed in each of the cells, and samples of known thickness and diameter were placed on the covers.
The cells were closed and the initial weight of them was taken using an analytical balance. They were then placed inside the hermetically sealed chamber at a temperature of 30˚C and relative humidity of 90%.
The pressure gradient on both sides of the membrane provides the driving force for the vapor to pass through the film. This vapor is absorbed by the silica, so that, as time goes by, the weight of the cells increases. This is recorded, measuring the weight of the cells every 30 minutes during the first hours and then every hour until the silica is saturated, that is until the weight of the cells remains constant. Equations ((9) and (10)) are applied to calculate the permeability values.
Gas permeation: As described above, knowing the gas permeation properties of the films under study is fundamental when it comes to characterizing them.
The permeation coefficient (P) was measured to oxygen, nitrogen and carbon dioxide, as well as permeoselectivities.
The permeoselectivity of the films or theoretical separation factors (α) are calculated from the relationship between the permeation coefficients of pure gases such as:
Process: Circular specimens were cut from the polymeric films whose effective area was 11.34 cm 2 and were placed in the permeation cell (CP). Subsequently, the "degassing" process was applied, consisting of subjecting the membrane to high vacuum conditions (p ≈ 10 −4 torr) and temperature (30˚C) for 3 or 4 hours.
After performing the vacuum, the permeation measurements were carried out using a constant permeate volume of 35.37 cm 3 of O 2 of the Air Liquid Argentina brand with a purity of 99.9%. Then it was done with CO 2 and N 2 .
The technique of "delay time" consists of measuring the amount of gas that passes through the membrane at time t; that is, measure the variation of pressure on the low side (p 2 ) with time (t), at constant volume (V 2 ), until this variation becomes constant (steady state). In reality, there is always a non-stationary state, because although the high pressure remains constant, the low pressure varies permanently throughout the experience. However, because the low pressure is much lower than the high pressure (1% -2%) and its variation is so small, it can be considered that the average driving force of the system remains constant throughout the experience and that a Stationary pseudo state is reached. The low pressure was recorded as a function of time in the data acquisition and then graphed to obtain curves. The coefficient of permeability (P) is obtained by applying Equation (12), once the pseudo stationary state has been reached.
( ) 
Mechanical Properties
The mechanical properties of a material describe the way in which it responds to the application of a force or load. The force, which acts on the unitary area, generates a deformation. In many materials, elastic stress and deformation follow a [ ]Pa
where:
where F is the applied force, A 0 is the initial cross-sectional area, ΔL is the length change and L 0 the initial length of the samples.
We used a "Comten Industries" 94 Series CV that has two jaws, the lower fixed and the upper mobile, in which the sample is adjusted. The equipment presents a speed selector of the upper jaw and a controller in which the applied force and the deformation generated as the test is being carried out is observed.
Process: The tests, carried out in triplicate, were carried out at a temperature of 25˚C and at a relative humidity of 40%. Test pieces 40 mm long by 10 mm wide were cut and the thicknesses were measured using a Koffer micrometer (precision ± 1 μm). Samples were placed in the jaws, separated by a distance of 20 mm. Once the specimens were adjusted to the jaws, the traction was started at a constant speed of 5 mm/min. The data of force (F) and deformation (ΔL) were recorded until the rupture of the specimens. These values were transformed to stress (σ) and unit strain (ε), respectively.
With these values, stress versus unitary deformation was graphed, obtaining a curve from which the values of stress to stress, modulus of elasticity and percentage of elongation are determined.
Colorimetry
Color is a mental response to the stimulus produced in the retina by visible light radiation, but the measure of this stimulus depends on the conditions that surround it. In order to unify these measures, standard conditions have been defined that allow obtaining comparable results, such as: the observer, the illuminant, the lighting-observation geometry and the measurement interval.
The equipment used was MiniScan EZ colorimeter model MSEZ-4500L with illuminant D65, observer 10˚ and geometry 45˚/0˚. The equipment allows measurements of color index and opacity, the values obtained by the equipment are given in the coordinates of the CIELAB color space.
Process: The color measurements were made on each film with the intermediate viewing area accessory (diameter of 2.5 cm). Three measurements were taken at different points of the samples, the average values of these measurements were recorded as the color parameters L*, a* and b*. Opacity measurements were also made on the same films.
Biodegradability
Biodegradation is the transformation and deterioration that occurs in the polymer due to the action of enzymes and/or microorganisms such as bacteria, yeasts, fungi and algae. The biodegradation can be partial or total. Partial biodegradation consists in the alteration of the chemical structure of the material and the loss of specific properties. On the other hand, in total biodegradation the material is completely degraded by the action of microorganisms with the production of CO 2 (under aerobic conditions) and methane (under anaerobic conditions), water, mineral salts and biomass.
Process: Approximately 1 kg of humidified soil sample (85% RH) was placed in a covered container. Samples 10 mm wide by 40 mm long were cut and buried 2 cm deep. The closed system was brought to a temperature controlled oven of 30˚C (mesophilic conditions). The weight and size of the samples were monitored periodically over a 40-day incubation period.
Sensory Tests
One of the main requirements when selecting a material for packaging food is that it does not suffer alterations in its organoleptic characteristics, either by migration of certain components present in the same package or because the material is permeable to compounds that affect the food.
In all cases, the sensory tests are carried out through the participation of judges, who are the people who carry out the evaluations of the samples. These judges may be trained and qualified, such as those required to carry out discriminative, descriptive or scale tests, or they may not be trained (consumers), as in the case of hedonic tests [100] [101].
Due to the relatively low water vapor permeability of the films, it was decided to pack a highly hygroscopic dry food such as commercial common sugar (Ledesma, Argentina). On the other hand, a greater carbon dioxide permeability than oxygen was obtained, which would allow the preservation of foods containing fats without oxidation of the same. To check this last, whole milk powder was selected (whole milk: La Lechera, Argentina). The tests were then focused on observing the humidification (through the formation of aggregates) of the samples in both foods and detecting the oxidation of fats in the case of milk powder.
Process: The packaging was made in glass cells with a perforated lid in which the film was placed. The cells were filled with food and brought to a stove at 30˚C. Sensory tests were performed every 7 days for a month and a half. In the tests, the color, appearance, taste and aroma of all the samples were checked by comparing these parameters with a control sample.
Results and Discussions
It is always intended to relate the behavior with the structure to try to establish generalizations that facilitate the understanding and prediction of the behavior of the materials. The properties of polymeric materials are responsible for their use instead of other materials and in some cases they have unique properties that make them irreplaceable for certain applications [102] .
In the evaluation of the behavior of the material, it is intended to understand the structure-property relationships, as well as to compare the performance and characteristics of one product with another. In the case of the development of new products, the understanding of the structure-property relationship allows controlling their behavior and making decisions related to the development process that will be followed. This knowledge is crucial to facilitate the design of the material and to predict how the product will behave in real service conditions. The comparison between materials is essential in the exploration of opportunities to replace existing products [103] .
FTIR
The broadly stretched intense at 3347 -3504 cm −1 was due to the associated water besides the hydroxyl stretching vibration of the polysaccharide, so is the vibration at 2927 cm −1 which indicated C-H stretching vibration ( Figure 1) . As for the polysaccharides crosslinked with glutaraldehyde, it can be observed in the IR spectra that the -OH signal decreases with the increase of the exposure time to
Glu, a very characteristic situation of crosslinks where the -OH groups are replaced by C-O-C groups. (Figure 2 ).
X-Ray Diffraction
Neat and crosslinked AlcOH films were structurally studied through X-ray analysis. Although polymers in general show amorphous X-ray patterns, structural modifications such as crosslinking may be seen through shifting and narrowing of typical broad bands. Bragg's equation is used to estimate an inter-chain distance Table 2 ). The increase in inter-chain distance as the crosslinking time increases is a way of proving the crosslinking efficiency. Besides, the increase in d spacing is attributed to Figure 3 . XRD of films. [116] . Diffraction patterns of AlcOH-Glu12 and AlcOH-Glu24 depicted the influence of crosslinking by increasing broadness of amorphous bands. This result can be associated with the secondary structure modification. This confirms that glutaraldehyde prevents molecular packing of polysaccharide chains by rigidizing polymeric matrix [116] .
Although both peaks are amorphous, see Table 2 , one of them is more amorphous (MAP) and the other is less amorphous (LAP), mainly in the crosslinked films. The LAP presents a d spacing ≈ 4Å that is to say with distances between chains narrower than the MAP with a d spacing > 5Å. This can be explained due to two inter-chain relationships from two types of unions that are manifested by X-Ray Diffraction. This phenomenon is based on the fact that the intercatanarian union originates in a main chain, and the other union is generated in a side chain of a macromolecule with branching. A situation, at least rare, is that in the LAP zone, there is an increase in the band area, possibly caused by the crosslinking with glutaraldehyde, and this increase in area increases with the increase in the time of exposure to glutaraldehyde.
Thermogravimetric Analysis
Thermogravimetric (TGA) measurements were carried out in order to better assess the thermal behavior of biopolymeric films. Neat Acayota Gum and 12 and 24 hs crosslinked Alcayota Gum films were evaluated. Results are illustrated in Figure 4 . TGA experiments show two events of mass loss for both biopolymer Figure 4 . TGA of films.
films, being the first step near to 100˚C and is attributed to the loss of adsorbed and structural water of biopolymers [117] . 
Scanning Electron Microscopy
In order to know the surface morphology of the obtained films, SEM images of the films AlcOH, AlcOH-Glu12 and AlcOH-Glu24 were obtained.
In the film AlcOH, which does not present crosslinking, a smooth and dense surface is observed with some particles protruding on the surface ( Figure 5 ).
The crosslinked films lose this superficial softness and a much rougher surface is observed due to the appearance of new bonds between the molecules by the crosslinking agent [123] . Comparing Figure 6 and Figure 7 , it is observed that the image of the film AlcOH-Glu24 presents less roughness than the AlcOH-Glu12 because the large number of bonds formed in the longer crosslinking, generate a very dense network of polysaccharides that consolidates the surface. Also, compared to Figure 5 it can be seen that this is much less rough than the crosslinked films.
The SEM image were taken to 7000× of the films to observe the particles in Figure 6 . SEM 500× image of the AlcOH-Glu12 film. Comparing Figure 8 and Figure 9 , one can observe the increase in the intensity of the carbon and oxygen peaks produced by crosslinking with glutaraldehyde. A decrease in the content of alkali and alkaline earth metals was also observed because in the crosslinking process HCl(c) is used, the chloride anions compete for these metals and are removed from the polymeric matrix in the ethanoic washings that are carried out afterwards of crosslinking.
Solubility Tests
The samples subjected to this test correspond to the membranes with 12 and 24
hours of crosslinking (AlcOH-Glu12 and AlcOH-Glu24). In the tests carried out, distilled water was used as a solvent. The tests were carried out first under static and cold conditions. When not observing changes in the structure of the submerged samples, the agitation was initiated to verify its mechanical resistance.
After two hours, it began to warm up without removing the agitation. First the temperature was raised to 40˚C and it was kept at this temperature for two hours. Without finding changes, the temperature was again increased to 70˚C
and remained in these conditions for the same period of time.
At 84˚C, small bubbles of water began to be observed in the AlcOH-Glu12 film. Possibly this is due to the entry of solvent in those areas where the amount of links formed by crosslinking is lower.
Finally, the temperature was raised to 94˚C and maintained for another two hours. At the end of the experience, no changes were observed in the film AlcOH-Glu24. While in the AlcOH-Glu12 the same bubbles that appeared at 84 ºC were observed, however, they did not increase in size or quantity. Once the two hours were finished, the samples were allowed to dry, observing the disappearance of the bubbles of the AlcOH-Glu12 film.
In both films a slight swelling produced by the absorption of solvent was observed for the case when the solution is at 84˚C without losing mechanical stability.
In the case of AlcOH membranes, they lose their mechanical stability in a water bath, as reported for pumpkin oil cake [81] The inks used did not change, being able to conclude that the films can be printed obtaining water resistant images.
In Figure 10 the films are shown at the end of the experience. The image on the left corresponds to the film AlcOH-Glu24 and the one on the right to the film AlcOH-Glu12.
The samples submerged in the HCl and NaOH solutions showed no visible changes, concluding that the crosslinked membranes are also resistant to slightly acidic or basic media at room temperature in both static and dynamic conditions.
Contact Angle
Wettability studies usually involve contact angle measurement as a primary datum, which indicates the degree of wettability when a solid and liquid come into contact. Small contact angles (less than 90˚) correspond to materials with high wettability, while large contact angles (greater than 90˚) correspond to materials with low wettability.
It should be noted that at initial times the contact angle is greater than 90, as reported in other works [124] , then the surface begins to get wet and finally stabilize. Table 3 shows the contact angles obtained with distilled water. As can be observed, during approximately the first twenty minutes of the test the contact angle of AlcOH-Glu24 was higher than 90˚ while in AlcOH-Glu12 the angle was greater than 90˚ during the first minutes. The greater hydrophobicity of the AlcOH-Glu24 film can be justified through the crosslinking times. The AlcOH-Glu24 film was 12 hours more in crosslinking process than the AlcOH-Glu12, therefore, the amount of bonds formed in it is much greater, which leads to less wettability. After 30 minutes, the angles obtained are very similar.
In the case of tests with solvent ink, only the thickness of the drop in the AlcOH-Glu24 film could be measured at the initial time, obtaining a contact angle of 29.74˚ which shows the high wettability of the inks on these films. After the first half hour, the solvent in the ink evaporated so that the height of the drops could not be recorded. In the AlcOH-Glu12 membrane, the thickness of the Figure 10 . AlcOH-Glu24 and AlcOH-Glu12 films at the end of water absorption experiences. M. Zanon, M. Masuelli drop could not be measured since the ink wetted the film immediately and placed on it. In both films, the drop did not lose its original shape during the drying process, which would allow specific forms to be printed without the image losing definition. Figure 11 shows the ink drop at the initial time (left) and after the evaporation of the solvent (right) in the AlcOH-Glu24 film. It should be noted that these inks do not go through the film.
Water Sorption
This property has taken considerable interest due to its relationship with the wide range of potential applications that biopolymers have. In addition, based on the knowledge of water absorption capacity, it is possible to know the mechanical stability of the material and how it would act in contact with this solvent. The samples used in this experience were the films AlcOH-Glu2, AlcOH-Glu12 and AlcOH-Glu24.
As shown in Figure 12 , the weight of the AlcOH-Glu2 film increased by Figure 11 . Measurement of the contact angle with ink in the AlcOH-GLu24 film. 600%, while that of the AlcOH-Glu12 and AlcOH-Glu24 films increased by approximately 100%. The capacity of water absorption of the membrane with two hours of crosslinking is much higher, almost 500% over that of the films AlcOH-Glu12 and AlcOH-Glu24, which acquired similar water weights. Table 4 shows the weight change suffered by some polymers when subjected to a relative humidity of 90% and a temperature of 30˚C.
As for Swelling Index (Figure 13 ), the change produced in the diameter of the film AlcOH-Glu2 is greater than that generated in the other films, which behaved practically the same (Figure 14) .
From the tests performed on water sorption capacity, only the thickness measurement showed a difference between the films AlcOH-Glu12 and AlcOH-Glu24 (Figure 14) . In the first case, the thickness reached an increase of 50% while in AlcOH-Glu24 it was 11%. As in the previous tests, AlcOH-Glu2 absorbed a much higher amount of water than the other films analyzed. The large amount of water absorbed by the film AlcOH-Glu2 is related to the low degree of crosslinking it has. Data comparable for AlcOH with pumpkin oil cake films, see references [81] [82] [83] [84] [85] . As the crosslinking time increases, Table 4 . Swelling Index of some polymers, a [125] and b [126] . the amount of bonds formed prevents the absorption of large amounts of water.
The minimum absorption capacity is presented by the film AlcOH-Glu24, however, the difference with the film AlcOH-Glu12 is very small, and it can be concluded that the increase in the number of links, after 12 hours of crosslinking, practically no modifies the absorption capacity of the films.
Barrier Properties
One of the most important properties that characterize the materials are the barrier properties, both water vapor permeability and gas permeation will determine the possible applications of the material under study.
Water Vapor Permeability: The knowledge of the water vapor permeability allows to know the capacity of the material as a barrier to the passage of water and as a function of this, to evaluate what type of food can be packed. For some foods, the greater the barrier, the more suitable the material becomes, as it prevents the food from becoming dehydrated, as well as protecting the packaged food from environmental humidity. On the contrary, other foods need very permeable packages, thus reducing the activity of the water inside the container and preventing the growth of microorganisms.
The water vapor permeability was measured in a hermetically sealed chamber at 30˚C and 90% relative humidity. The permeability values obtained for the membranes AlcOH-Glu24, AlcOH-Glu12 and AlcOH (an uncrosslinked film) are shown in Table 5 . Data comparable for AlcOH with pumpkin oil cake films, see references [81] [82] [83] [84] [85] .
As would be expected, non-crosslinked film (AlcOH) is more permeable than crosslinked films. Permeability was obtained around three times higher than in the crosslinked films, which presented similar values, although AlcOH-Glu24
had the lowest permeability due to the longer crosslinking time. Although the addition of glycerin generates an increase in permeability, the formation of bonds during crosslinking counteracts and reverses this result, obtaining films with lower water vapor permeabilities.
By way of comparison, the water vapor permeability values of other polymers, both synthetic and biodegradable, are shown in Table 6 .
The values obtained are much higher than the permeability coefficients of synthetic polymers and lower than those of biopolymer films such as gelatin, soy protein and gluten. The films obtained with alcayota polysaccharides showed a water vapor permeability similar to that presented by the starch films [128] .
Gas Permeation: Because the AlcOH film does not contain glycerin, its permeability to different gases is lower. Furthermore, since it has been hydrolyzed, it has a large number of hydroxyl groups that generate interactions between the chains, mainly hydrogen bridges, which contributes to obtaining lower permeabilities [129] . In the film AlcOH-Glu12 the following order was obtained in the permeability coefficients: P CO2 > P O2 > P N2 . In polymer films, more than the size of the molecule, they matter the chemical nature and structure of the polymer that makes up the material as well as their interactions with the gases. The transport of gas molecules through the polymer matrix occurs through the mechanisms of sorption and diffusion, so differences in the permeabilities of different gases can occur due to differences in their solubilities and/or diffusivities [87] . Data comparable for AlcOH with pumpkin oil cake films, see references Table 7 .
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The greater permeability of the film AlcOH-Glu12 with respect to AlcOH can be explained through the free volume. During the intercrossing, molecules enter the film that generates the separation of the polymer chains, consequently, the free volume increases with the consequent increase in permeability [130] . As the time of crosslinking increases, the number of bonds formed increases progressively, reducing these spaces and decreasing permeability [129] . This could not be proven since the film AlcOH-Glu24 was broken when placed in the permeation cell due to the rigidity it acquired as a result of the extremely long crosslinking process.
Mechanical Properties
In order to know the behavior of the films against the application of a tensile stress and the effect of crosslinking in them, mechanical tests of the films AlcOH, AlcOH-Glu12 and AlcOH-Glu24 were made, and results are shown in Figure 15 . Table 8 summarizes the most important mechanical properties of the films studied.
As can be seen, the AlcOH film showed very low values of tensile strength and
Young's modulus, while the elongation obtained was intermediate. This film did The other films analyzed were hydrolyzed and crosslinked, so that resistance and Young's modules were obtained, which are much higher and similar to each other, although one of the films has twelve more hours of crosslinking.
The film AlcOH-Glu12 is the one with the highest elongation. This is the result of the action of glycerol. As mentioned above, the incorporation of the molecules of the plasticizing agent in the films establishes hydrogen bonds between the glycerin molecule and the polysaccharide molecule, replacing some polysaccharide-polysaccharide interactions. As a result, direct interactions between polymer molecules are reduced and mobility is increased, causing an increase in elongation [131] . Probably also a lubricating effect and an increase in free volume will occur, facilitating the movement of the molecules. While the amount of plasticizer added to the AlcOH-Glu24 film was the same as that of AlcOH-Glu12, the former exhibited a much lower elongation, even less than that of the uncrosslinked film. This is due to the excessive intercrossing time to which the film was subjected. 
Colorimetry
The color of the materials, as well as the design and colors used in the packaging already printed, are part of the marketing of the product and can determine the acceptability or not of a product in the market. The opacity and color of the AlcOH, AlcOH-Glu12, AlcOH-Glu24 and AlcOH-Glu24' films were determined and its results are shown in Table 9 .
The AlcOH, AlcOH-12hs and AlcOH-24hs films presented approximately the same light caramel color. Figure 16 shows the area corresponding to the color of the films, and shows the film in which the darkest color was obtained ( Figure 17 ).
The film AlcOH-Glu24' is a film obtained in the same way as the AlcOH-Glu24 but which was also subjected to an ethanoic wash prior to crosslinking in order to obtain a clearer film, since ethanol extracts the components that give it color ( Figure 18 ). Journal of Materials Science and Chemical Engineering M. Zanon, M. Masuelli It is observed that the obtained film is very clear and much more transparent than those which did not undergo this ethanoic treatment prior to crosslinking.
Biodegradability
In order to know the time needed to degrade the films obtained, biodegradability tests were carried out. The samples were placed at a depth of 2 cm in a soil sample with 83% humidity and placed in an oven at 30˚C. These extreme conditions were selected to accelerate the rate of degradation and thus be able to obtain results in a reasonable period in order to be presented in this work. The data selected to make the graphs were the measurements of the transversal length of the samples as time progressed. The weight could not be used due to the high capacity of water absorption, which led to the fact that even in the last measurement made (at 32 days in the film AlcOH-Glu24) the weight measured was higher than the original, not being able to get the weight decrease due to its degradation. Figure 19 shows the data obtained expressed as a percentage change in length as time progresses. It is observed that the non-crosslinked film was degraded in 12 days, while the crosslinked films took several more days. In the case of AlcOH-Glu12, the degradation time was 25 days and in AlcOH-Glu24, 32 days.
The degradation speed of the films is presented in Table 10 . It is observed that the degradation rate of the crosslinked film AlcOH-Glu12 is approximately half that of the non-crosslinked film. The rate of degradation decreases as the degree of crosslinking increases until it reaches, in the AlcOH-Glu24 film, almost one third of the speed of the non-crosslinked film
Sensory Tests of Packaged Foods
In the validation stage of the design, it is essential to test the fabricated part in its final form to ensure that the requirements have been met. Such tests have specific applications and frequently involve tests in real or simulated service conditions that employ methods or procedures, in general, not standardized [102] .
Sensory tests (color, aroma, taste and appearance) of the packaged foods were made with the films: AlcOH, AlcOH-Glu12 and AlcOH-Glu24. The test was carried out for five weeks, analyzing the samples every seven days.
The commercial common sugar showed no sensory changes during the experience in any of the tested containers. Table 11 shows the results obtained for the milk powder samples. The letter N was used to denote normality in the property, that is, when no difference was detected compared with the sample preserved in its original container. The + symbol indicates a slight perception of worsening in the analyzed parameter, while the double symbol ++ means that the deterioration detected is higher than the simple symbol (+).
As shown in Table 11 , in the case of milk powder, no sensory changes occurred during the first 21 days. In the fourth week, the packaged sample with the Figure 19 . Biodegradability of films: (a) AlcOH, (b) AlcOH-Glu12, (c) AlcOH-Glu24. shorter storage times would be obtained with respect to the commercial package due to the higher permeability of the films obtained. This is a problem to solve in most biomaterials so many current research aims to improve the permeability of this type of materials to extend its field of application.
Conclusions
A series of preliminary operations were carried out on the fruit in order to obtain a flour from which the films were made. These operations included the peeling and the separation of the seeds, then the pulp was chopped and a dehydration process was carried out until obtaining a 3% humidity. Finally, the grinding was carried out.
From this flour, a purification process was proposed, consisting of the solid-liquid extraction of undesirable compounds, followed by a purification by ethanoic precipitation. Then, a basic hydrolysis is carried out, whose objective is to generate hydroxyl groups and obtain polysaccharides of lower molecular weight and water soluble [139] . The plasticizing agent is added and molded. After evaporation of the solvent, water soluble films are obtained and very low mechanical stability. To solve this problem, it was used glutaraldehyde as a crosslinking agent [140] .
Through the SEM images obtained it was possible to know the surface morphology of the films, it was found that the crosslinking process modifies this morphology obtaining much more irregular surfaces. The shape and size of the dispersed particles in the matrix were also observed, which correspond to aggregates of macromolecules of larger size. In addition, the absence of bacterial contamination was verified through elemental analysis, observing in addition an increase in the amount of carbon and oxygen and a decrease in alkaline and alkaline earth metals due to the crosslinking process.
The films obtained are totally insoluble in water, mechanically resistant when they are submerged in this solvent and are not affected when the temperature increases. Its resistance was also proved by being submerged in acidic and basic aqueous solutions.
The resistance of the inks tested when immersing the films in water allowed us to conclude that it is possible to print on them. The same result was obtained by the contact angle, in this test it was observed that the film presents a high wettability by the inks, but not by the water, with which angles greater than 90˚ were obtained, which demonstrates its hydrophobicity.
Although the films are insoluble in water, they have a high absorption capacity. The films with 12 and 24 hours of crosslinking presented practically the same absorption, while that with only two hours of crosslinking presented an absorption almost 500% higher in weight than those with a higher degree of crosslinking.
The films became less permeable to water vapor as the degree of crosslinking increased, which is in accordance with the results of the contact angle test, in which the hydrophobicity of said films was demonstrated. However, the water vapor permeabilities obtained are much higher compared to synthetic polymer films, although similar to the permeability coefficients of films of other biopolymers. In particular, they presented values very similar to those found in starch films.
In terms of gas permeation, the AlcOH-Glu12 film was more permeable to carbon dioxide than to oxygen, a conclusion that determines what foods can be packed in these materials, with dehydrated foods containing fats being a possibility.
The two crosslinked films that were analyzed (AlcOH-Glu12 and AlcOH-Glu24) showed similar resistances to Young's modulus and tension, but their elongations presented a great difference: while the film with 24 hours of crosslinking had only 13% elongation, the other exceeded 25%.
With the proposed synthesis process, caramel colored films of greater or lesser intensity are obtained. However, a clear and more transparent film was obtained through a series of ethanolic washes prior to the crosslinking process.
Fully biodegradable films were obtained with very high degradation rates due to the test conditions (T = 30˚C and RH = 83%). The crosslinked films AlcOH-Glu12 and AlcOH-Glu24 took 25 and 32 days respectively to completely degrade. Under normal conditions of soil temperature and humidity, the time required for biodegradation would be much longer than that obtained.
The sensory tests performed were very useful to know the behavior of the films under real conditions of use. In general, the result was positive. Packaged sugar was obtained without noticeable changes in any of its organoleptic properties after five weeks of analysis. In the case of whole milk powder packed in the film with 12 hours of crosslinking, it became rancid after one month of packaging, a result comparable to the commercial packages currently used.
Comparing the properties of alcayota films with those of other biopolymers, it is concluded that the films obtained are less permeable than those of soy and gelatin and that they have a permeability similar pumpkin oil cake (PuOC compared only with AlcOH film), pectin, starch and guar gum. As for the tensile strength, they presented intermediate values, surpassed only by guar gum films.
The film AlcOH-Glu12 stands out in terms of its elongation, which was higher than the rest of the films, with the exception of soy films. The Young's modulus obtained in the alcayota films was inferior to that of the pectin and starch films, demonstrating its greater flexibility.
As a general conclusion, it can be said that the best film obtained is the AlcOH-Glu12, since compared to the AlcOH-Glu24 film it had a similar water absorption capacity, it is equally insoluble, it has better mechanical properties, the vapor permeability coefficient of water obtained is similar and also presents 12 hours less crosslinking. The only advantage that the film would exhibit with 24 hours of crosslinking is the lower gas permeation, which could not be measured by its poor mechanical properties.
